, the prevalence of placental malaria in pregnant women living in Yaounde, Cameroon and its effect on pregnancy outcome were evaluated with respect to gravidity and maternal age. Results showed that 19.9% of the women had placental malaria at delivery. After adjusting for relevant covariates, the major risk factor for placental malaria was an age < 25 years old. Placental malaria significantly increased the prevalence of anemia in women regardless of gravidity or age. In addition, the mean infant birth weight was lower and the percentage of pre-term deliveries (PTDs) and low birth weight (LBW) babies were higher in primigravidae and women < 20 years of age who had placental malaria. However, in a multivariate regression model taking relevant covariates into consideration, the major risk factor for PTDs was maternal anemia, and maternal anemia as well as first and second pregnancies were important risk factors for LBW babies.
INTRODUCTION
In sub-Saharan Africa, Plasmodium falciparum infections are more common in pregnant women than in non-pregnant women. 1, 2 A number of factors influence the prevalence of malaria in pregnant women, including maternal age, gravidity, use of prophylaxis, nutrition, host genetics, level of antiparasite immunity, as well as parasite genetics and transmission rates. Accordingly, the epidemiology of P. falciparum in pregnant women differs significantly throughout Africa.
Most epidemiologic studies conducted in malaria-endemic countries have found that primigravidae are more susceptible to malaria than multigravidae. 1, 2 Therefore, pregnant women must acquire a form of pregnancy-associated immunity during their first pregnancies that helps protect them during subsequent pregnancies. [2] [3] [4] Young women of child-bearing age may also be more susceptible than older women to malaria because they are still in the process of acquiring natural immunity to malaria. [5] [6] [7] The relative importance of pregnancyassociated and age-dependent immunity may differ among pregnant women living in different environments.
Plasmodium falciparum-infected erythrocytes frequently sequester in the intervillous space of the placenta and cause pathologic alterations. [8] [9] [10] Placental malaria has been associated with a significant decrease in infant birth weight, especially in primigravidea. 2, 9, [11] [12] [13] [14] It has also been identified as a risk factor for low birth weight (LBW) babies. [11] [12] [13] [14] [15] [16] Low birth weight can be caused by intrauterine growth retardation and pre-term deliveries (PTDs). The importance of placental malaria in PTDs is unclear, since some investigators have reported that P. falciparum infections increase the risk of PTD, [17] [18] [19] but others have found it is not a significant risk factor in multivariate models. 18, 19 Since infants born to mothers with placental malaria may be at an increased risk of anemia, 20 increased malaria prevalence rates, 21 and mortality 22 during their first year of life, assessment of risk factors for placental malaria in different environmental settings is important.
The aim of the current study was to determine the prevalence of placental malaria in women residing in the city of Yaounde, Cameroon and evaluate its effect on pregnancy outcome, including maternal anemia, infant birth weight, LBW babies, and PTD in relation to gravidity and maternal age. Malaria transmission in Yaounde is perennial with inoculation rates estimated to be 13 infectious bites per person per year. 23 During the study period (1996) (1997) (1998) (1999) (2000) (2001) , the health policy recommended chloroquine (CQ) prophylaxis. Although CQ resistance existed, results reported in 1995 found that CQ prophylaxis was still effective in increasing infant birth weight and lowering the percentage of LBW babies. 14 However, the clinical failure rate for CQ in adults between 1994 and 1999 was estimated to be 41.1%. 24 The seroprevalence of human immunodeficiency virus was relatively low in Yaounde (4.2%, 95% confidence interval [CI] ‫ס‬ 3.6-4.8%) from 1994 to 1996. 25 Thus, the epidemiology of placental malaria in Yaounde may be different from that in other areas of Africa.
MATERIALS AND METHODS
Study site and design. The study was conducted between 1996 and 2001 in Yaounde, Cameroon. Women were consecutively recruited at the Biyem Assi District Hospital where care is provided for low income women living in the adjacent area and the Central Maternity Hospital, a referral hospital that provides services for a diverse group of women. The study was reviewed and approved by the National Ethical Committee in Cameroon and the Institutional Review Board of Georgetown University.
The purpose of the study was explained to each woman and those giving informed consent were enrolled. A questionnaire was used to record information on the woman's age, number of pregnancies, obstetric history, and use of chemoprophylaxis during pregnancy. Information on the newborn was also recorded including infant birth weight. Length of gestation was estimated based on date of last menstrual period, and assessment of the newborn at delivery. Infants born between 28 and 37 weeks were considered premature. Singletons weighing less than 2,500 grams were LBW babies. A total of 1,944 women participated. Paucigravidae are women with 1-2 pregnancies, multigravidae those with Ն 3 pregnancies, and grand multigravidae have Ն 5 pregnancies.
Collection and processing of samples. After delivery, a 5-mL sample of heparinized maternal venous blood was collected and a sample of placental blood was obtained using the pool-biopsy methods. 26 Briefly, a 5 cm × 5 cm × 5 cm piece of the placenta was excised allowing maternal intervillous blood to accumulate at the site. Blood was collected using heparin and stored on ice until used. In addition, a piece of placental tissue was retained for parasitologic studies.
Parasitologic and hematologic studies. Samples were transported to the Biotechnology Center (Nkolbisson, Yaounde, Cameroon) here thick and thin blood films of maternal peripheral, and placental blood and impression smears of placental tissue were made. Slides were stained with Diff Quick (Baxter Scientific, McGraw Park, IL), coded, and examined by two technicians. Two hundred thick blood fields were examined. If parasites were found, 100-200 fields of the thin smear were examined and the percent parasitemia was calculated. Two thousand erythrocytes were screened for parasites on placental impression smears. A woman was considered to have placental malaria if parasites were found in either the placental blood or impression smear. Women were considered to be malaria positive if parasites were detected in either the peripheral blood or the placenta. Heparinized hematocrit tubes were filled with maternal peripheral blood, centrifuged, and the packed cell volume (PCV) was determined using standard methods. A woman was considered to be anemic if the PCV was less than 30%.
Statistical analysis. Data from the two hospitals were combined in the analysis since the study populations proved to be comparable for relevant covariates and outcomes. Sample sizes used in the analyses are provided in the tables. The Pearson chi-square test was used for between-group comparisons for the prevalence of parasitemia and anemia. The Wilcoxon signed rank test was used to compare the relationship between peripheral and placental parasitemias. A logistic regression model was used to determine risk factors associated with PTD and LBW. Descriptive and inferential statistical analyses were performed using SAS version 9.0 (SAS Institute, Cary, NC).
RESULTS

Study population.
The age, gravidity, and pregnancy outcome of the participants are shown in Table 1 . A significant decrease in the percentage of LBW babies with increasing gravidity was seen (P < 0.0001). The prevalence of PTD also tended to decrease with gravidity (P ‫ס‬ 0.051). Among the women, 76.3% reported taking chemoprophylaxis, with 36.6% reporting taking CQ, 32.4% pyrimethamine, 3.9% quinine salts, 1.2% proguanil, and 1.1% amodiaquine.
Malaria prevalence. Overall, 21.4% (405 of 1,895) of the women had malaria at the time of delivery, with 19.9% (371 of 1,866) having placental malaria. The prevalence of peripheral and placental malaria decreased with age ( Figure 1 ). More than 30% of women Յ 21 years old were infected with malaria (i.e., had parasites in either peripheral or placental blood). The prevalence decreased to 20% in women between 22 and 37 years old, and then to Յ 6% in women Ն 38 years old.
A gravidity-associated decrease in the prevalence of peripheral and placenta malaria was observed (Table 1) , with placental parasites detected in 27.8% of primigravid compared with 15.6% of multigravid women (P < 0.0001). Among women with placental malaria, placental parasitemias ranged from < 0.001% to 82.6%, with 65% of the women having parasitemias between 0.1 and 10% ( Figure 2 ).
As previously reported, 27 parasites were detected more frequently in placental than peripheral blood smears. Among malaria-positive women, 67.8% had parasites detected in both the peripheral placental blood, 26% had parasites detected in the placenta but not the peripheral blood, and only 6.2% had peripheral parasitemias without placental malaria. Based on detection of parasites in either peripheral or placental blood smears, 29.2% of the primigravidae, 23.4% of the secundigravidae, and 16.7% of the multigravidae were infected at delivery (Table 1) .
Risk factors for placental malaria. Using univariate analysis, we identified being < 20 years old and 21-24 years of age (crude odds ratio [OR] ‫ס‬ 2.4, 95% CI ‫ס‬ 1.7-3.3 and 1.6, 95% CI ‫ס‬ 1.2-2.1, respectively), a primigravidae (OR ‫ס‬ 2.0, 95% CI ‫ס‬ 1.4-2.9), and failing to take prophylaxis (OR ‫ס‬ 1.3, 95% CI ‫ס‬ 1.0-1.7) as significant risk factors for placental malaria (Table 2 ). However, after adjusting for other variables, only young women were determined to be at a higher risk of placental malaria (P ‫ס‬ 0.008), with adjusted OR (95% CI) of 2.0 (1.3-3.0) for teenagers and 1.4 (1.0-1.9) for women in their early twenties. After adjusting for age and other covariates, gravidity (P ‫ס‬ 0.278) and not taking prophylaxis (P ‫ס‬ 0.203) were no longer significant.
To further explore the relationship between age and gravidity, the prevalence of placental malaria in 852 mothers < 25 Effect of placental malaria on maternal anemia and pregnancy outcomes. Maternal anemia and placental malaria were associated in all gravidity and age groups ( Table 3 ). Placental malaria also had an effect on babies born to primigravidae and young mothers. Primigravidae with placental malaria gave birth to infants with lower mean birth weights (P < 0.0001) and were more likely to have LBW babies (P < 0.001) and PTD (P < 0.0001) ( Table 3) . Likewise, women < 25 years of age with placental malaria had infants with significantly lower mean birth weights (P ‫ס‬ 0.001) than older women, while women < 20 years old gave birth to a higher proportion of LBW babies (P ‫ס‬ 0.012) and had more malaria-associated PTDs (P ‫ס‬ 0.002). Clearly, placental malaria is a significant risk factor for poor pregnancy outcomes among primigravidae and younger women.
Risk factors for LBW and PTD babies. Since LBW and premature newborns are at an increased risk of morbidity and mortality during the first year of life, 28 risk factors for these two conditions were assessed. Using univariate analysis, we observed that risk factors associated with LBW babies included maternal age (P < 0.0001), gravidity (P ‫ס‬ 0.0001), placental malaria (P ‫ס‬ 0.01), and maternal anemia ( Maternal anemia was also identified as a significant risk factor for PTD, with an OR of 2.3 (95% CI ‫ס‬ 1.7-3.1) before and 2.2 (95% CI ‫ס‬ 1.6-3.0) after adjusting for age, gravidity, and placental malaria ( Table 4 ). Univariate analysis also identified maternal age, paucigravidae, and placental malaria as significant risk factors for PTD. However, after adjusting for the covariates, only women in the age groups < 20, 20-24, and Ն 30 years old were at a higher risk of having PTD than women 25-29 years old (P ‫ס‬ 0.002, by likelihood ratio [LR] test). The effect of gravidity and placental malaria were not significant after adjusting for other covariates, (P ‫ס‬ 0.566 and P ‫ס‬ 0.650, respectively, by LR test).
DISCUSSION
The epidemiology of placental malaria in Yaounde, Cameroon is similar to that in other African countries, but it also has unique characteristics. Many studies have found the prevalence of placental malaria to be higher in primigravidae than multigravidae. 2, 3 In the current study, primigravidae and secundigravidae were more likely to have placental malaria, but only if they were < 25 years old (P ‫ס‬ 0.03). Paucigravidae Ն 25 years old were not at a significant increased risk of placental malaria compared with multigravidae (P ‫ס‬ 0.417). Overall, after adjusting for confounding variables, age was determined to be a major risk factor for placental malaria in this population (P ‫ס‬ 0.008), whereas gravidity was not (P ‫ס‬ 0.278) ( Table 2) . Thus, younger but not older first-time mothers were more likely to have placental malaria. These results are interesting and suggest the relative importance of pregnancy-associated and naturally-acquired immunity may differ as women in Yaounde become older. That is, development of pregnancy-associated immunity, e.g., production of antibodies that inhibit the adherence of placental parasites to chondroitin sulfate A (CSA), 4 may be very important in women < 25 years of age who have lower levels of acquired immunity. However, women Ն 25 years old in Yaounde may have obtained adequate immunity following repeated exposures to eliminate their parasites and thus are less dependent on anticytoadherent antibodies. Recently, we reported that antibodies to antigens other than those preventing cytoadherence of parasites to CSA are important in reducing placental malaria. 29 Women in Yaounde with anti-cytoadherent antibodies had lower placental parasitemias (i.e., few parasites in the placenta), but women who lacked antibodies to the carboxyterminal region of merozoite surface protein 1 (MSP [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] were at a significant increased risk of placental malaria. 29 Differences in levels of acquired immunity may help explain the epidemiologic pattern in Yaounde. However, the relationship between age and gravidity is complicated by socioeconomic factors since older, first-time mothers may also be better educated and more conscientious about prenatal care. Further studies on the role of naturally acquired and gravidity-associated immunity are needed to aid in the development of vaccines for preventing placental malaria.
The strong effect of age may be due, in part, to Yaounde being an urban environment. Previously, we compared the prevalence of malaria during the course of pregnancy in women living in Yaounde and a nearby rural village. 30 After adjusting for age, gravidity, prophylaxis, trimester of pregnancy, and seasonality, both gravidity and age were identified as risk factors in the village, but only age was a factor in the city. 30 Several recent studies conducted in other cities have also found age to be a critical factor in susceptibility to malaria in pregnant women. 31, 32 In Blantyre, Malawi, Rogerson and others screened 4,764 women during pregnancy and reported that age and season were more important than gravidity as predictors of infection. 31 In Libreville, Gabon, Bouyou-Akotet and others found that among primigravidae and secundigravidae, being < 20 years of age was associated with enhanced susceptibility (adjusted OR 1.7, 95% CI ‫ס‬ 1.1-2.85, P < 0.01). 32 The effect of age, however, may not be restricted to urban settings. In a cross-sectional study of 686 pregnant women in rural Manhica, Mozambique, Saute and others found using multivariate analysis that age, but not parity, was associated with an increased risk of microscopic parasitemia. 33 A study of women in rural and urban areas of Bandiagara, Mali found that living in rural areas and young age, rather than parity, were important risk factors for malaria in pregnant women. 34 Taken together, these results show that teenagers are at a greater risk of malaria, regardless of gravidity, in a number of African communities. When the study was initiated in 1996, CQ prophylaxis was recommended for pregnant women. In 2000, Ringwald and others reported that the therapeutic failure rate of CQ in adults in Yaounde between 1994 and1999 was 41.1%, and parasites were only successfully eliminated from the peripheral blood by day 14 in 50.7% of the cases. 24 It is therefore not surprising that only 36.6% of the women took CQ. Approximately 32.4% of the women reported taking pyrimethamine, 24.9% failed to take prophylaxis, and 6% reported taking drugs not traditionally used for prophylaxis. In the late 1990s, increasing drug resistance not only to CQ, but also to pyrimethamine, proguanil, and probably amodiaquine were reported in Yaounde. [35] [36] [37] Accordingly, intermittent preventive treatment with sulfadoxine-pyrimethamine in pregnant women has been adopted, but sulfadoxine-pyrimethamineresistant strains are present in Yaounde, 35 making the efficacy of the new policy uncertain.
Malaria was a risk factor for maternal anemia in essentially all Cameroonian women (Tables 3 and 4 ). Placental malaria also had a significant impact on pregnancy outcomes in primigravidae and young women (Tables 3 and 4 ). Placental malaria reduced mean infant birth weight by 289 grams in primigravidae, by 364 grams in mothers < 20 years old, and by 153 grams in women 20-24 years old (Table 3 ). It also essentially doubled the percentage of LBW infants and PTDs in these women (Table 3 ). However, many factors can contribute to LBW babies and PTDs. Thus, general risk factors for LBW and PTD were assessed (Table 4 ). Using multivariate analysis, we observed that maternal anemia was associated with PTD and maternal anemia and the first and second births were identified as risk factors for LBW infants. Although placental malaria was identified as a risk factor by univariate analysis for both LBW and PTD, after adjusting for age, gravidity, chemoprophylaxis, and history of PTD, placental malaria was not found to be a significant risk factor for either adverse outcome ( Table 4 ). The results for PTD are similar to those reported by Sullivan and others in Malawi, who found placental parasitemia was a risk for PTD (crude OR ‫ס‬ 2.4), but after adjusting for covariates, the risk became nonsignificant. 18 Using univariate and multivariate analysis, Steketee and others reported similar results for Malawian women. 19 Thus, placental malaria may increase the risk for LBW and PTD, especially in young paucigravid women, but numerous factors contribute to these adverse outcomes in addition to malaria.
In summary, in the city of Yaounde, approximately one of every five women had placental malaria at delivery, with 45% having parasite densities > 1.0% (Figure 2 ). Young women Յ 25 years of age at their first or second pregnancies were at the highest risk of placental malaria, which had a significant effect on the birth weight of their babies. However, numerous factors, especially maternal anemia, contribute to the risk of PTD and LBW infants in this population. Thus, the epidemiology of placental malaria in Yaounde appears to be different from that in other areas of Africa. 
